Editor's key points † This trial demonstrates a difference in block prolongation between local anaesthetics. † Dexamethasone significantly prolongs the analgesic effect of plain ropivacaine and bupivacaine used as a single-injection interscalene block. † Block duration was longer with plain bupivacaine than ropivacaine. † Further studies have to reveal the safety of dexamethasone for perineural use.
In particular, managing pain after shoulder procedures poses a challenge to both anaesthesiologists and orthopaedic surgeons. In an effort to improve analgesia and facilitate mobilization, regional anaesthesia in the form of an interscalene approach to the brachial plexus is often used, either as an adjunct to general anaesthesia or as the primary anaesthetic. The use of an interscalene block as the primary anaesthetic increases the proportion of patients suitable for post-anaesthesia care unit (PACU) bypass and decreases immediate postoperative pain. 2 However, analgesia is short-lived, usually lasting less than 24 h.
Investigators have tried mixing local anaesthetic with adjuvant drugs in an attempt to prolong analgesia from nerve blocks. Adjuvants including epinephrine, clonidine, 3 4 opioids, 5 6 ketamine, 7 8 and midazolam 9 have met with limited success. However, the glucocorticoid dexamethasone appears to be effective in a small number of preclinical increases the activity of inhibitory potassium channels on nociceptive C-fibres (via glucocorticoid receptors), thus decreasing their activity. 16 17 Whether adjuvant dexamethasone prolongs analgesia with plain ropivacaine or bupivacaine, and whether the effect differs among these commonly used anaesthetics, remains unknown. We thus sought to determine the effect of dexamethasone, as an adjuvant for either ropivacaine or bupivacaine, on the duration of analgesia from interscalene blocks for painful shoulder procedures. Specifically, we tested the hypothesis that adding dexamethasone significantly prolongs the duration of ropivacaine and bupivacaine analgesia and that the magnitude of the effect differs among the two local anaesthetics.
Methods
This trial was registered on ClinicalTrials.gov (# NCT00801138). An inquiry to the US Food and Drug Administration regarding the need for an Investigational New Drug approval went unanswered. The Cleveland Clinic Institutional Review Board approved the trial, including the use of perineural dexamethasone. Written informed consent was obtained from 218 patients who were undergoing moderately to severely painful shoulder procedures (e.g. rotator cuff repair, shoulder arthroplasty) at three locations in the Cleveland Clinic Health System. Premedication consisted of 1 -2 mg i.v. midazolam and 50 mg i.v. fentanyl.
Patients were randomized, using a factorial approach, to single-injection interscalene blocks with four drug combinations: (i) ropivacaine: 30 ml (0.5%) ropivacaine mixed with 2 ml (0.9%) saline (placebo); (ii) bupivacaine: 30 ml (0.5%) bupivacaine mixed with 2 ml (0.9%) saline (placebo); (iii) ropivacaine and steroid: 30 ml (0.5%) ropivacaine mixed with dexamethasone 8 mg (2 ml); and (iv) bupivacaine and steroid: 30 ml (0.5%) bupivacaine mixed with dexamethasone 8 mg (2 ml). The dose of 8 mg was chosen because it has been used previously for perineural injection and is within the dose range used clinically for postoperative nausea.
Computer-generated treatment assignments, with random block size, were stratified by clinical site and the invasiveness of the surgical procedure (open vs arthroscopic). Randomization assignments were stored in sealed, sequentially numbered opaque envelopes and opened immediately before the blocks were performed.
Inclusion criteria were patients aged 18-75 yr undergoing painful shoulder procedures such as rotator cuff repair, shoulder arthroplasty, and subacromial decompression. Exclusion criteria were contraindication to interscalene block (severe lung disease, contralateral diaphragmatic paralysis, and coagulopathy), pregnancy, pre-existing neuropathy involving the surgical limb, systemic use of corticosteroids for 2 weeks or longer within 6 months of surgery, and chronic opioid use (.30 mg oral oxycodone equivalent per day).
Patient (age, gender, and co-morbidities) and morphometric (height and weight) characteristics of participating patients were recorded. Patients, clinical personnel, and study staff were blinded to group allocation. To maintain blinding, medications were prepared by an experienced assistant uninvolved with the study or care of study patients. All blocks were performed by attending anaesthesiologists skilled in the interscalene approach. The choice of block technique (nerve stimulator, ultrasound, or both) was left to the discretion of the attending anaesthesiologist. Both block techniques used 50 mm-long-insulated needles (Stimuplex A, B Braun, Melsungen, Germany). The ultrasound technique consisted of an in-plane posterior approach at the level of the cricoid cartilage. The nerve roots/trunks were identified as hypoechoic structures between the anterior and middle scalene muscles. Local anaesthetic was injected and needle position readjusted as necessary to ensure appropriate spread. The nerve stimulation technique used was described by Winnie, 18 with muscle contraction at a stimulating current of ,0.4 mA (2 Hz, 0.1 ms duration) considered evidence of appropriate needle position. After incremental injection of the designated local anaesthetic mixture, patients were evaluated at 5 min intervals for 15 min for the development of sensory and motor block. Sensory block was assessed by loss of sensation to pinprick over the deltoid muscle. Motor block was assessed by failure to abduct the shoulder, the so-called 'deltoid sign'. 19 Per our routine, patients were given general anaesthesia along with their interscalene blocks. The type of airway management, antiemetic prophylaxis, and intraoperative opioid use were left to the discretion of the attending anaesthesiologist with the provision that no other corticosteroids be administered.
The severity of postoperative pain was assessed by a blinded study team member using a verbal response score (VRS) upon admission to the PACU. Patients reporting pain scores .2 were given i.v. morphine (2 mg) every 5 min until comfortable. After discharge from the PACU, supplemental analgesia for inpatients consisted of acetaminophen 325 -650 mg with oxycodone 5-10 mg orally every 4 h as needed for a pain VRS .4, administered by the nurse caring for the patient. Pain unrelieved by oral medication (VRS persistently .4) was treated with i.v. morphine. Outpatients received a prescription for oral acetaminophen with oxycodone and were instructed to delay administration of analgesics until they felt that their pain warranted medication.
A blinded observer interviewed patients each morning for 3 days after operation, either in the hospital or by telephone. Subjects were given a medication diary to record the required data. Data collected included time of block duration (the primary outcome; defined as time from the onset of sensory block to the first administration of supplemental analgesic medication after PACU discharge), and secondary outcomes: time to a significant increase in shoulder discomfort, maximum VRS with rest and movement, and total opioid consumption. The time to initial analgesic use was determined from the medical record for inpatients and by patient report for those already discharged. The times and VRS scores for secondary outcomes were based on patient reporting of the corresponding events at the daily interview. Other data collected included time to discharge. A member of the study staff contacted patients at 14 days after operation to assess for any late or persistent complications such as residual sensory or motor block. Total opioid doses were converted to oral oxycodone equivalents according to conversion rates derived from the American Pain Society. 20 
Statistical analysis
Patients who retained deltoid sensation were deemed to have failed blocks, but were analysed in their assigned groups according to intention-to-treat principles (specifically, coded as having the outcome at a time of 0 h). The primary outcome measure was the duration of analgesia, defined as the interval between the onset of sensory block and the initial PACU use of opioid analgesia for surgical site pain.
Baseline characteristics were compared using standard descriptive statistics. Continuous values were assessed for normality and are presented as mean or median [interquartile range (IQR)] as appropriate. Categorical data are presented as per cent of total. The duration of analgesia (defined as time from the onset of sensory block to the first use of opioid analgesia) was analysed by the KaplanMeier survival analysis and Cox's proportional hazards modelling (stratified by clinical site). The significance levels for each analysis were adjusted for the a spent during interim analyses. A Bonferroni's correction was applied for the two multiple comparisons (steroid effect within each local anaesthetic). Secondary outcomes included time to a significant increase in shoulder discomfort, maximum VRS with rest and movement, and total opioid consumption. The KaplanMeier analysis and unpaired t-tests or Wilcoxon's rank-sum tests were used as appropriate.
SAS statistical software version 9.2 (SAS Institute, Cary, NC, USA) and R software version 2.11.1 (The R Foundation for Statistical Computing, Vienna, Austria) were used for all statistical analyses.
Sample size considerations
From our prior experience and Casati and colleagues, 21 we expected a block duration (and standard deviation) of 11 (5) h for each local anaesthetic. We projected a maximum of 436 patients at the 0.10 significance level to detect an interaction of 3 h or more between the two factors with 90% power, including an adjustment for interim analyses. This sample size also ensured having adequate power to test the main effect of dexamethasone (given that the test for interaction proved non-significant) and ample power to detect a difference of 3 h or more in block duration for each of the two multiple comparisons planned in the case of significant interaction. To allow the trial to stop early in the event of a larger-than-anticipated treatment effect, interim analyses were planned at sample sizes of 73, 145, 218, 290, and 363 and a final analysis, if necessary, at n¼436. To maintain an overall a of 0.1 for the interaction, stopping boundaries were calculated using the g-spending approach of Hwang and colleagues, 22 with g parameters of 24 for efficacy and 22 for futility.
Results
At the third interim analysis (n¼218), the efficacy boundary for interaction between dexamethasone and the type of anaesthetic was crossed (P≤0.0087). In the light of this, the trial's Executive Committee (D.I.S., A.K., and J.E.D.) stopped the study.
Patients were enrolled between December 2008 and October 2010. Figure 1 details the patient flow through the study. Baseline covariates were well balanced across the groups (Table 1) . Seven patients did not have the primary outcome (opioid use) and were right-censored in the analysis. They were evenly distributed across the randomized groups.
Primary outcome
Dexamethasone significantly prolonged the duration of analgesia of both ropivacaine [median (IQR): 11.8 (9. (20.5, 29. 3) h, log-rank test P,0.001, Fig. 2 ]. On the basis of the stratified Cox's model for time to first opioid use, the block resolution rate among patients given ropivacaine with dexamethasone was 0.17 times [95% confidence interval (CI) 0.08, 0.39] that among patients given ropivacaine alone. For bupivacaine, the block resolution rate in patients given dexamethasone was 0.44 times (95% CI 0.23, 0.83) that of patients receiving bupivacaine alone. The effect of dexamethasone in prolonging block duration was significantly stronger in ropivacaine than bupivacaine (interaction term P¼0.0029 at an interim analysis-adjusted significance level of 0.0087).
Analysing the primary outcome of block duration using ultrasound or nerve stimulation, the choice of technique had no appreciable effect on the primary outcome of block duration. In the ultrasound-guided patients, the KaplanMeier curve estimates for median block duration were 12
Secondary outcomes
Consistent with its effect on the primary outcome of first opioid use, dexamethasone significantly prolonged the length of time until the patients' first report of surgical site pain. For ropivacaine, the median time (IQR) to surgical site pain was 11.9 (9.2, 13.8) h without dexamethasone and 22.3 (18.0, 27.2) h with dexamethasone (log-rank test P,0.001). The corresponding times for bupivacaine were 14.7 (13.4, 17.9) and 25.7 (21.7, 29.2) h (log-rank test P,0.001).
The median maximum VRS pain scores at rest (shown in Fig. 3) were significantly lower in the bupivacaine plus Dexamethasone and interscalene nerve blocks BJA dexamethasone group compared with saline on postoperative day 1 (3 vs 5, Wilcoxon's rank-sum test P,0.001 at an adjusted significance level of 0.025), but not in the ropivacaine groups. The only other significant difference was on postoperative day 3 in the bupivacaine group: the dexamethasone group had a significantly higher maximum VRS pain score than saline (median 4 vs 2, P¼0.014).
The median maximum VRS pain scores with movement on postoperative day 1 (shown in Fig. 4) were significantly lower in both the ropivacaine plus dexamethasone (5 vs 7, P¼0.005) and bupivacaine plus dexamethasone groups (4 vs 5.5, P¼0.01) compared with saline. There were no significant differences on postoperative days 2 and 3.
Total 3 day opioid consumption was not significantly different between the randomized groups ( Table 2) .
Safety
At the 14 day interview, no patient reported persistent numbness, paraesthesias, or weakness of the operative limb. There were also no reports of persistent hoarseness, respiratory difficulty, injection site infection, or haematoma.
Discussion
Our results demonstrate that dexamethasone significantly prolongs the analgesic effect of plain ropivacaine and bupivacaine used as a single-injection interscalene block and that this effect differs between the two local anaesthetics. This finding is generally consistent with previous studies, but direct comparisons are difficult because of the variety of local anaesthetic mixtures used, different blocks studied, and different methods of evaluating block duration.
The block prolongation we observed ( 1.9-fold with ropivacaine and 1.5-fold with bupivacaine) is consistent with that observed when dexamethasone was combined with mepivacaine for supraclavicular blocks. 13 Similarly, Vieira and colleagues 15 observed that adding dexamethasone to a mixture of bupivacaine, clonidine, and epinephrine increased interscalene block duration from 14 to 24 h (1.7-fold prolongation). Their results, however, must be interpreted in Dexamethasone and interscalene nerve blocks the light of the presence of two a-agonists that were also included in the local anaesthetic mixture.
We were unable to demonstrate the multi-fold prolongation of analgesia found in one study of bupivacaine/ lidocaine supraclavicular blocks 14 and a trial of dexamethasone added to epidural bupivacaine. 23 An exaggerated effect may be due to the small size of those trials, as the accuracy with which treatment effects are estimated in smaller studies is often low. The balance of the small body of existing literature, however, supports the more modestbut still highly clinically important-benefit we observed. As would be expected from longer block duration, maximum VRS pain scores tended to be lower on the first postoperative day. Beyond this time, however, there appeared to be no lasting difference in pain scores. The significant (but small) difference seen on postoperative day 3 in one group should be interpreted cautiously due to the multiple tests being performed. Total opioid consumption over the first 72 h also did not differ significantly among groups.
This study is the first to examine the effect of dexamethasone on ropivacaine (or plain bupivacaine) for interscalene blocks and is by far the largest trial to date examining the adjunctive use of dexamethasone in peripheral nerve blocks. Our study was also unique, in that we designed it to detect a modest interaction between dexamethasone and the particular local anaesthetic used-an interaction that proved to be both statistically significant and clinically important.
Dexamethasone was more effective in prolonging analgesia from interscalene blocks from ropivacaine than bupivacaine. We note, though, that this effect was muted by the fact that the block duration was longer with plain bupivacaine than ropivacaine (median 14.8 vs 11.8 h). Thus, although dexamethasone prolonged the action of ropivacaine more than that of bupivacaine, the combined effect of dexamethasone and either drug produced nearly the same 22 h of analgesia.
Despite the concern surrounding the 'off-label' use of perineural adjuvants, 24 the safety profile of dexamethasone is promising. No trial has reported neurotoxicity attributable to dexamethasone, although sample sizes to date are insufficient to detect rare outcomes and most studies did not follow patients for weeks after surgery. In our study, with no adverse events detected in 108 patients given dexamethasone, the 95% CI for neurotoxicity is 0-3%. To conclusively demonstrate safety with low event rates would require enormous sample sizes. For example, to demonstrate a doubling of the baseline complication rate of 0.4% with 90% power, a total sample size of roughly 16 000 patients would be required. Reassuringly, though, animal studies demonstrate no long-term changes in nerve structure or function after local steroid administration. 25 From a mechanistic point of view, toxicity attributed to corticosteroids may in fact be due to the particulate nature 26 or vehicle used 27 in different steroid preparations-neither of which applies to the formulation of dexamethasone (dexamethasone sodium phosphate) we used. Additionally, corticosteroids have a long history of safe use in the epidural space for the treatment of radicular pain arising from nerve root irritation 28 and dexamethasone specifically has been studied as an adjuvant to epidural local anaesthetics. 23 The neurological risk, if any,
of dexamethasone thus appears to be small. In fact, the use of dexamethasone as an adjunct to local anaesthesia for nerve blocks is discussed in prominent textbooks. 29 30 Systemic toxicity from a single dose of dexamethasone is also unlikely. It is effective 31 33 -36 Any systemic analgesic effect, however, should be minimal due to slow systemic uptake: a human volunteer trial of intercostal bupivacaine and dexamethasone microsphere injection resulted in negligible blood dexamethasone levels. 17 Nonetheless, it remains possible-although unlikely-that some or even all of the block prolongation we observed could have been obtained by i.v. injection of dexamethasone. One might question the relative potency of the two local anaesthetics used in this trial. Opinions differ regarding the potency of ropivacaine relative to bupivacaine. Although ropivacaine may be less potent for spinal anaesthesia, there is reasonable evidence that the two drugs are at least roughly comparable for peripheral nerve blocks. 37 38 Possibly explaining some of the confusion in this area, Kee 39 and colleagues studied dose -response curves of the two drugs in the epidural space for labour analgesia. They found that the ED 50 ratio for bupivacaine:ropivacaine is 0.75. However, for ED 90 , an endpoint most clinicians find more useful, there was no difference between the drugs. Thus, at the higher concentrations used in this study, potency is probably comparable. We also allowed the anaesthesiologists performing the blocks to use either ultrasound or nerve stimulation techniques. As noted previously, there was no appreciable difference in block duration between the two techniques. If there were a large difference in the number of failed blocks, this might bias the results of the trial. The small number of failed blocks (ultrasound: 3/147, nerve stimulation: 4/71) are consistent with generally accepted success rates and preclude any meaningful analysis.
Because general anaesthesia was used during these surgeries, intraoperative opioids were allowed to blunt the haemodynamic response to intubation. Compared with the primary outcome of at least 12 h, the duration of action of these intraoperative drugs (principally fentanyl) would be negligible. Thus, this should not significantly affect our results.
Owing to the majority of our patients being discharged before the third postoperative day, our ability to measure opioid consumption by day was limited. Hence, we were only able to compare 72 h opioid use between groups. Given the difference in VRS pain scores, it is quite plausible that there were differences on postoperative day 1 that were obscured by later opioid use. We also did not examine the duration of motor block as many of our patients are discharged home after surgery and resolution of weakness is too subjective to document in the absence of direct evaluation.
In summary, dexamethasone prolonged analgesia from interscalene blocks using ropivacaine or bupivacaine, with the effect being stronger with ropivacaine. However, block duration was longer with plain bupivacaine than ropivacaine. Thus, although dexamethasone prolonged the action of ropivacaine more than that of bupivacaine, the combined effect of dexamethasone and either drug produced nearly the same 22 h of analgesia. This trial is the largest to date and the first to demonstrate a difference in block prolongation between local anaesthetics. Although the toxicity profile of dexamethasone is promising, large studies will be necessary to demonstrate its safety for perineural use.
